Expression of four protein kinase C isoforms in rat fibroblasts. Distinct subcellular distribution and regulation by calcium and phorbol esters.
Protein kinase C (PKC), the major receptor for tumor-promoting phorbol esters, consists of a family of at least eight distinct lipid-regulated enzymes. How the various PKC isozymes are regulated in vivo and how they couple to particular cellular responses is largely unknown. We have examined the expression and regulation of PKC isoforms in R6 rat embryo fibroblasts. Northern and Western blot analyses indicate that these cells express four PKC isoforms, cPKC alpha, nPKC epsilon, nPKC delta, and nPKC zeta; of which nPKC epsilon and nPKC delta are the most abundant. In agreement with the simultaneous presence of cPKC and nPKC isozymes, both Ca(2+)-dependent and -independent PKC activities were detected in extracts of these cells. cPKC alpha and nPKC zeta were predominantly localized in the cytosol when subcellular fractionation was carried out in the presence of [ethylenebis(oxyethylenenitrilo)]tetraacetic acid. When cell lysis was carried out in the presence of Ca2+, greater than 50% of cPKC alpha redistributed to the particulate fraction, whereas nPKC zeta remained in the cytosol. In contrast to cPKC alpha and nPKC zeta, 60-80% of nPKC epsilon and nPKC delta were located in a Ca(2+)-insensitive, membrane-bound form. Treatment of R6 cells with 12-O-tetradecanoyl phorbol 13-acetate (TPA), resulted in the translocation of all four PKC isozymes to the membrane fraction, and the subsequent down-regulation of cPKC alpha, nPKC zeta, and nPKC delta, nPKC epsilon, however, was only partially down-regulated in response to long-term TPA exposure. Overproduction of exogenous cPKC beta I in R6 cells conferred partial resistance of nPKC delta to TPA-induced down-regulation and potentiated the resistance of nPKC epsilon to down-regulation. These results demonstrate that the multiple isoforms of PKC which coexist within a single cell type are differentially regulated by extra- and intracellular stimuli and may thereby influence growth control and transformation via distinct mechanisms.